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The purpose of this study was to investigate the effect that varying cadence had 
on the ability of a submaximal cycle ergometry test to accurately predict peak oxygen 
uptake (VO2) using the standard YMCA protocol workloads. There has been limited 
scholarship investigating the effect that varying cadence has on trained cyclists and 
almost none on untrained participants. For this study twelve moderately healthy 
participants (age: 20.75 ± 1.87, body fat: 15.8 ± 4.91 %) who did not use cycling as part 
of their workout regime performed a peak VO2 cycle test and three randomized 
submaximal tests. The three submaximal tests followed the standard YMCA protocol 
except the cadence was increased to 70 rpm for one and 90 rpm for the other. Heart rate 
and RPE data were gathered every minute and upon completion of the submaximal tests, 
and a linear analysis was performed using age predicted maximal heart rate to estimate 
peak VO2 which was subsequently compared to measured VO2 peak obtained during 
maximal test to determine variability and error. Bland-Altman plot analysis revealed the 
standard YMCA protocol of 50-rpm underestimated 67.5% of the participant's predicted 
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peak VC>2 scores with large variability in all predictions with a standard deviation of 
0.844 liters/minute. The 70-rpm protocol underestimated all predicted peak scores by an 
average of 19% with a standard deviation of 0.40 liters/minute. Just as the 50-rpm 
protocol, the 90-rpm protocol showed large variability with 75% of the predicted scores 
being underestimated and the standard deviation was 0.76 liters/minutes. This data 
demonstrates that varying cadence has a large effect on the ability of submaximal tests to 
accurately predict peak VO2 and further scholarship should be performed to determine 
other possible improvements in protocols to increase the validity and accuracy of 
submaximal tests. 
v 
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Chapter 1 
Introduction 
In the health and fitness field, the widespread use of submaximal cycle ergometry 
tests as predictors of peak oxygen uptake and their subsequent use as the primary method 
for exercise prescription remains prevalent, despite scholarship demonstrating the large 
error and variability associated. A majority of these tests involve a protocol known as the 
"YMCA," and although used thousands of times by researchers, fitness facilities, and 
rehabilitation centers, the YMCA submaximal test's validity, as an accurate predictor of 
peak oxygen uptake (VO2), is poor. Limited scholarship has demonstrated that a 
majority of predictions are under estimated while some predictions are severely over 
estimated, which should pose health concerns (risk of myocardial infarction, etc.) when 
developing exercise prescriptions, especially for at-risk populations (Lang et al, 1992; 
Greiwe et al,1995; Latin and Berg, 1994;Van Duser et al,2006). 
The YMCA submaximal cycle ergometry test protocol involves two flowcharts 
(one for females and one for males) in which the participant pedals at 50 revolutions per 
minute (RPM) at a standard, initial workload for a three-minute stage. Heart rate (HR) is 
measured twice during each 3-minute stage and a steady state (within 6 beats) should be 
achieved. If a steady state heart rate is not achieved, the stage is extended one minute. 
Workload for subsequent stages are based upon HR measured at the end of the previous 
stage. Ratings of perceived exertion (RPE) and blood pressure (BP) are recorded at 
varying times during each stage also. Participants are asked to maintain a cadence of 50 
revolutions per minute (rpm) for the duration of the test. Cessation of the test occurs 
when a steady state HR for two consecutive stages is within 110 and 150 beats per minute 
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or 85% of the age predicted maximum heart rate, if the participant fails to maintain 
protocol, or experiences severe discomfort. 
Studies (Marsh and Martin, 1997 and Foss and Hallen, 2004) have demonstrated 
that a cadence of 50-60 rpm is the most metabolically economical cadence. During cycle 
ergometry testing, untrained subjects often self-select a cadence slightly higher than this 
metabolically optimal range and trained cyclists often report freely chosen cadences 
around 85-90 rpm. This practice was due to the assumption that the difference in self-
selected cadence could be attributed to a "learning" effect of years of training, but recent 
scholarship (Marsh et al, 1997) has demonstrated that other aerobically trained athletes 
(runners) often self-select cadences in this range. It is quite possible this slow cadence 
could cause localized muscle fatigue without eliciting a progressive linear increase in 
HR. Although a higher cadence may cause an increase in metabolic demand, there are 
additional factors that offset this factor such as: increased hemodynamics providing 
increased delivery of metabolites and substrates and removal of metabolic waste 
products; and decreased strain on muscle and ligamentous tissue causing a decrease in 
localized muscle fatigue and risk of injury (Gotshall et al, 1996). There has been little 
scholarship on the role of varying cadence on general population or athletes not involved 
primarily in aerobically demanding activities. Additionally, there is almost no research 
validating the effectiveness of submaximal cycle ergometry to predict measured VO2 in 
untrained populations. 
Statement of the Problem 
The purpose of this study was to demonstrate the effect that varying cadences 
greater than 50 RPM will have on sub-maximal cycle ergometry tests as a valid predictor 
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of peak VO2 in general populations or in athletes not involved primarily in aerobic 
sports. 
Furthermore, this study investigated the effect that increased cadence had on 
increasing the statistical validity of sub-maximal cycle ergometry as a predictor of peak 
VO2 and determine which cadence had the greatest effect. Additionally, RPE-Overall 
and RPE-Legs data were analyzed to determine if increased cadence would cause a 
subsequent decrease in RPE-Overall or RPE-Legs during sub-maximal testing as 
compared to the standard YMCA test. 
Hypothesis 
Although untrained in cycling, the higher cadences (70 and 90) rpm would 
provide estimates of VO2 with less standard error than the YMCA protocol cadence of 50 
rpm, thus providing an alternative submaximal cycling protocol which can be used to 
determine a more effective and safer exercise prescription. Additionally, higher cadences 
would cause lower RPE-Overall and RPE-Legs due to a decrease in localized muscle 
fatigue. 
Delimitations 
This study was delimited to: 
12 healthy male and female volunteer participants from the Western Kentucky 
University, between the ages of 18-25, who were not involved primarily in aerobic sports, 
who were unaccustomed to cycling as a exercise protocol, and who had been stratified to 
be low risk for coronary artery disease according the American College of Sports 
Medicine. Participants answered a questionnaire on health, state of training, and medical 
history to confirm activity level and health before inclusion in the study. 
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Subjects performed all four protocols. 
Subjects performed all four protocols with the last three submaximal protocols in 
randomized order. 
All participants maintained normal activity and training levels during the study duration. 
Every protocol was monitored by the researcher. 
Protocol one consisted of the maximal test with the cadence set at 70 rpm. 
Protocol two consisted of the standard YMCA protocol with the cadence set at 50 rpm. 
Protocol three consisted of the same flowchart for workloads (HR dependent) as the 
YMCA test but the cadence was set at 70 rpm. 
Protocol four was the same as protocols two and three but the cadence was set at 90 rpm. 
All participants refrained from eating for a period of two hours before all protocols. 
All participants refrained from caffeine intake for 6 hours prior to any protocol. 
Participants reported any sickness or injury prior to any protocol to protect against HR 
deviations. 
Participants were not allowed to test while on any medication that could affect testing. 
All protocols occurred at approximately the same time of day to account for diurnal 
variations in heart rate. 
All participants had resting HR measured before each protocol to protect against possible 
deviations in resting HR affecting linear analysis. 
All protocols were separated by a minimum period of 48 hours. 
All protocols were completed within 10 days of initial maximal test. 
Limitations 
This study was limited by: 
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Participants were asked to maintain their activity levels during testing but divergence 
could not be controlled. 
Participants could have become sick or injured during the duration of the study but this 
could not be controlled. 
Participants may not have been honest when completing the questionnaire and this could 
not be controlled. 
Participants may not have fasted for two hours prior to testing and this could not be 
controlled. 
Participants may not have refrained from caffeine intake for six hours prior to testing, and 
this could not be controlled. 
There may be error associated with measurement procedures, and this could not be 
controlled. 
Assumptions 
I assumed that: 
All participants answered the questionnaire honestly. 
All participants complied to the researcher's request and did not change activity level 
All participants refrained from eating two hours before each test. 
All participants refrained from caffeine intake six hours prior to each test. 
All test procedures and instruments were valid and reliable. 
Definition of terms 
YMCA submaximal cycle protocol- cycle ergometry protocol in which an initial 
workload (determined by sex) is increased after three minutes to a workload based upon 
heart rate determined at the end of the previous stage. Subsequent stages last three 
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minutes also. The YMCA protocol has a maximum of four stages and termination can 
occur when two steady-state measured heart rates are within 110-150 beats between two 
consecutive workloads or when the participant reaches 85% of their age-predicted 
maximum heart rate. Termination can occur volitionally, if the participant is unable to 
maintain protocol, or appears to be under severe stress. 
Oxygen uptake- relatively expressed as a rate per unit of body weight, (ml/kg/min) or 
absolutely expressed independent of body weight (liters/min). This is typically used to 
measure energy expenditure during aerobic exercise. 
Age predicted maximum heart rate- an estimation of maximum heart rate typically 
calculated by a mathematical formula (subtracting age from 220.) 
Ratings of perceived exertion (RPE)- a subjective measure of how hard a participant feels 
they are working. It is based on the physical sensations experienced during physical 
activity, including increased heart rate, increased respiration or breathing rate, increased 
sweating, and muscle fatigue. The Borg scale ranges from 6 (no exertion at all) to 20 
(maximal exertion). 
RPE-Overall- subjective measurement of overall effort as it relates to the entire body. 
RPE-Legs- subjective measurement of effort as it relates to legs only. 
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Chapter 2 
Review of Literature 
The use of submaximal tests to predict maximal oxygen uptake for use in exercise 
prescription is a long established practice in the exercise field. The primary protocol 
used since the 1960's has been the YMCA test. Since its development there have been 
numerous studies investigating its validity and accuracy for various subsets of the 
population. Several studies have evaluated the accuracy of the YMCA submaximal cycle 
ergometry protocol to estimate peak VO2. Results from one study (Lang et al, 1992) 
indicated the standard error of estimate for the predicted oxygen values ranged from 0.11 
to 0.22 1/min, and total errors ranged from 0.23 to 0.31 1/min with all values being 
underestimated. Another study (Griewe et al, 1995) demonstrated a standard error of the 
estimate of 16% and 15% for two separate YMCA submaximal tests with a large 
overestimation of 25.7% error. The mean total error was .89 1/min. An earlier study 
looking at young females only (Latin & Berg, 1994) indicated a standard error of the 
estimate for the predicted oxygen values ranged from 0.79 - 0 .156 1/min, with total errors 
ranging from 0.107-0.275 1/min. A more recent study (Van Duser et al, 2006) reported a 
gross under estimation; the mean predicted maximum VO2 was 56 ± 12.4 ml/kg/min for 
the YMCA protocol versus a measured peak VO2 of 72.1 ± 6.1 ml/kg/min. 
The effect that varying cadence may have on efficiency and metabolic cost during 
cycle ergometry has been investigated for both elite and non-elite cyclists in numerous 
studies. In one study using experienced and non-experienced cyclists, the authors (Swain 
& Wright, 1997) compared the ability to predict peak VO2 at either 50 or 80 rpm versus a 
measured maximal test at 50 or 80 rpm, no significant difference was demonstrated for 
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either group. This result is not surprising as there should be little physiological 
difference for each individual when comparing 50-rpm submaximal to 50-rpm maximal 
and 80-rpm versus 80-rpm. Both cadences did overestimate predicted values of peak 
VO2 however. In elite cyclists, the preferred cadence is much higher than 50 rpm used 
for the standard YMCA protocol, (Lucia et. al., 2001) regardless of the principle that 
metabolic costs may be greater. A typical freely chosen cadence was found to be 
approximately 90 rpm under most circumstances. Another study (Foss & Hallen, 2005) 
demonstrated that there was little statistical difference between 80 rpm and 90 rpm in 
finishing times for a set workload. Gross efficiency was slightly higher at 80 rpm than 
for 60, 90, 100, or 120 rpm. An earlier study (Foss & Hallen, 2004) by the same authors 
demonstrated that increased cadence was associated with increased economy at greater 
workloads. A review of elite and recreational cyclists (Mosely et al, 2004) at a cadence 
of 80-90 rpm demonstrated no statistically significant difference for either cycling 
efficiency or economy. A study (Marsh et al, 2000) investigating the preferred cadence 
for elite cyclists, trained runners, and recreational cyclists demonstrated that the more 
highly trained athletes chose cadences higher (approximately 92 rpm) than the 
recreational cyclists (approximately 72 rpm). However, muscular efficiency was 
relatively constant independent of experience. This study was a follow-up to an earlier 
study (Marsh & Martin, 1997) in which the less trained athletes chose slower cadences as 
a possible response to reduce aerobic demand. A comparison of mechanical efficiency 
and gross efficiency was interpreted in a study (Widrick et al, 1992) in which subjects 
pedaled at varying cadences of 40, 60, 80, and 98 rpm while maintaining a steady 
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workload. Optimal cadences for mechanical efficiency were much higher (82-101 rpm) 
than for gross efficiency (35-57 rpm). 
One effect of increased cadence is an alteration of hemodynamics. A study 
(Gotshall et al, 1996) in which trained cyclists rode at varying cadences at a given 
workload demonstrated an increase in cardiac output of 34%; additionally heart rate, 
stroke volume, and blood pressure were also increased while vascular resistance 
decreased, with increased cadence. The authors theorized, "though the workload was 
constant, the increase in pedal cadence resulted in a more effective skeletal-muscle pump 
which increased muscle blood flow and venous return." 
Although, there is no lack in scholarship investigating the efficacy of the YMCA 
to accurately predict peak VO2, a majority of that has focused on elite cyclists or other 
elite aerobic athletes. The primary use of the YMCA test is for individuals who are 
moderately trained or less, and there has been little focused on those populations. 
Therefore, the purpose of this study is to attempt to determine if there exists a protocol 
that would more accurately predict peak VO2 for use in exercise prescription. 
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Chapter 3 
Methodology 
Subjects 
Upon approval of the Human Subjects Review Board, twelve (n = 8 males; n = 4 
females) healthy participants were used in the study. Subjects ranged in age from 18-25 
years old and were involved in sports whose primary activity would not be considered 
aerobic or were not involved in sports but were moderately active. Participants were 
required to maintain current activity levels during the study duration. Subjects completed 
questionnaires to confirm activity levels and were stratified as low risk per American 
College of Sports Medicine (ACSM) 2005 guidelines. Each participant read and signed 
an informed consent document in accordance with the Western Kentucky University 
policy for the protection of human participants. 
Screening 
Each individual, prior to testing, read and signed the informed consent (Appendix 
A) and read and signed a Physical Activity Readiness Questionnaire (Appendix B). 
These documents ensured each participant's safety and eliminated those who were at risk. 
Only those stratified as "low risk" by the ACSM guidelines were allowed to participate in 
the study. 
Descriptive Data 
Before the initial session, resting measurements including body fat were collected 
using Lange (Cambridge, MD) skinfold calipers and a three-site method per ACSM 
(2005) guidelines. Body fat percentage was estimated using this data and the 
participant's age via a nomogram (Maud and Foster, 1995). Height and weight were also 
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recorded without footwear. Resting heart rate was taken before every session to ensure 
consistency. 
Data Collection 
All participants were made aware of all protocols and the measurements that were 
taken before and during testing. Resting heart rate was taken before participants began 
any testing session. Resting heart rate was recorded while participants remained seated in 
a relaxed manner for 5 minutes without any external stimulus. If there was a significant 
variance in resting heart rates before any test, the test was postponed. All participants 
performed each protocol in a randomized order after the initial maximal test. The initial 
maximal test was a standard graded test with the initial workload set at 70 watts. After 
three minutes, the workload was increased 35 watts every three minutes until voluntary 
termination or participant obtained 2 possible criteria (plateau in VO2 with increase in 
workload and RER > 1.1). Participants were allowed no less than 48 hours and no longer 
than 72 hours after the initial peak test before starting the first submaximal test. Test 
protocols for the submaximal tests followed "standard" YMCA cycle ergometry testing 
protocol (Appendix C) except for the variation cadence (70-rpm and 90-rpm versus 50-
rpm). Each test was performed approximately 48 -72 hours apart. Workloads followed 
"standard" YMCA protocol (Appendix D). Participants were seated on a Monark cycle 
ergometer (Varberg, Sweden), seat height was adjusted and recorded, handlebars were 
adjusted, and air-cushioned facemasks (Vacu-Med, Ventura, CA) were placed and 
stabilized using mesh headgear (Vacu-Med, Ventura, CA). A Polar heart rate monitor 
(Stamford, CT) was placed at the base of the sternum. Heart rate, RPE, and absolute 
VO2 (Appendix L) were recorded during the last 5 seconds of each minute. Following 
14 
standard protocol (Appendix C) two heart rate/workload data points were established. 
These two data points were then plotted out and extended to an age-predicted maximum 
heart rate to estimate peak oxygen uptake. 
Data Analysis 
The effectiveness and comparison of the three varying cadence protocols was 
determined by analyzing standard errors via a Bland-Altman plot analysis. Additionally, 
statistical significance of end stage differentiated RPE (RPE-Overall and RPE-Legs) and 
heart rate were determined by a repeated measures analysis of variance. 
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Chapter 4 
Presentation of Results and Analysis 
Descriptive statistics are listed in table 1 (Appendix E). Bland-Altman plots for 
each cadence are depicted in figures 1, 2, and 3 (Appendices G, H, I,). The average 
difference between the predicted VO2 for the 50-rpm cadence and the measured VO2 
(Appendix G) was 0.0 with a standard deviation of .844 liters. Although this data 
displays good agreement, 67.5% of the scores were underestimated. A 95% confidence 
interval for the average differences is -0.53 to 0.54 liters. The Bland-Altman limits of 
agreement (dashed lines) are -1.65 to 1.66 liters, so it would be reasonable to expect that 
the standard 50-rpm YMCA protocol to predict a VO2 from 1.65 liters less to 1.66 liters 
more than actual with a 95% confidence interval. The average difference between the 
predicted VO2 for the 70-rpm cadence and the measured VO2 (Appendix H) was 0.63 
with a standard deviation of 0.40. This data displays a distributed pattern with 58% of 
the scores underestimated and 42% overestimated. A 95% confidence interval for the 
average differences is 0.37 to 0.88 liters. The Bland-Altman limits of agreement (dashed 
lines) are -0.16 to 1.41 liters, so it would be reasonable to expect that the 70-rpm protocol 
to predict a VO2 from -0.16 liters less to 1.41 liters more than actual with a 95% 
confidence interval. The average difference between the predicted VO2 for the 90-rpm 
cadence and the measured VO2 (Appendix I) was 0.33 with a standard deviation of 0.76. 
This data also displays a distributed pattern with 58% of the scores underestimated and 
42% overestimated. A 95% confidence interval for the average differences is -.15 to .81 
liters. The Bland-Altman limits of agreement (dashed lines) are -1.16 to 1.82 liters, so it 
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would be reasonable to expect the 90-rpm protocol to predict a VO2 from -1.16 liters less 
to 1.82 liters more than actual with a 95% confidence interval. 
Neither end of trial Overall RPE, Legs RPE, nor heart rate (Appendix J and 
Appendix K) approached statistical significance (p < .05). 
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Chapter 5 
Discussion of Results 
This study examined the effect that varying cadence would have on the accuracy 
of predicting VO2 from a submaximal cycle ergometry test. Each subject performed an 
initial peak VO2 test at a cadence of 70 rpm, this data was compared against the standard 
YMCA submaximal cycle ergometry test and two other protocols in which the workload 
chart for the YMCA protocol was followed but the cadence was increased to 70 or 90 
rpm. 
It was hypothesized that the standard YMCA test would be a poor predictor of 
VO2, and the results agreed with this assumption as well as demonstrating findings 
consistent with previous studies by various authors demonstrating the lack of accuracy of 
the standard protocol. It was believed that the faster cadence protocols (70 and 90 rpm) 
would not only be more accurate but would also be preferred regardless of metabolic cost 
or cardiac output. For the standard protocol in this study, 67.5% of the subjects had their 
peak VO2 underestimated. There was large variability in the estimations although the 
average difference was quite small as seen in the Bland-Altman plot (Appendix G). One 
of the subjects's predicted VO2 was 175% greater than actual peak VO2, this could 
possibly be dangerous if used to prescribe exercise intensity in unhealthy subjects. 
Additionally, it was hypothesized that localized muscle fatigue would be greater for the 
slower cadence. Although statistically not significant, as seen in table 2 (Appendix J), 
the average RPE score for legs was 0.9 point higher (14.1-13.2) and the overall RPE 
score was 0.4 point higher (12.9 - 12.5) than the 70-rpm protocol. Additionally, 
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anecdotal evidence gathered during testing reported that all of the subjects "felt" that the 
cadence was too slow. 
The 70-rpm protocol was slightly less variable than either the standard 50-rpm 
test or the 90-rpm test as expected. As illustrated in the Bland-Altman plot (Appendix 
H), the variability was smaller with scores being closer to the mean, although all scores 
were underestimated by an average of 19%, which was unexpected. One subject's 
predicted VO2 was 45% less than measured which if used for an exercise prescription 
could initially prove to be too low but would not pose a health risk. During testing, most 
participants preferred the 70-rpm cadence versus the standard or the 90-rpm protocol. 
This cadence is quite close to that chosen freely by untrained subjects in studies 
mentioned previously. Previous studies have reported increased cardiac output when 
cadence is increased, and in this study only a slight increase in heart rate versus the 
standard protocol (155-158) was observed (Appendix K). 
The third protocol of 90-rpm was a poor predictor of VO2 also with 75% of the 
scores underestimated and one score overestimated by 150% (Appendix I). Again this 
severe overestimation could pose a health risk if used to prescribe exercise intensity. 
Overall RPE was lower than the 70-RPM cadence (12.5 -12.2) and leg RPE was the 
same (13.2) for both cadences. During testing, a majority of the subjects reported that 
this cadence felt too fast. Two of the subjects who preferred the higher cadence had 
previous experience as competitive runners, and this anecdotal information coincides 
with previously mentioned studies in which trained aerobic athletes chose a cadence 
similar to elite cyclists despite a lack of cycling experience. As seen in the 70-rpm 
protocol, there was an increase (155-162) in the average heart rate at the termination of 
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the 90-rpm submaximal test as compared to the standard protocol. This increase in 
cardiac output was not congruent with the decrease in overall RPE (12.9 -12.2) and leg 
RPE (14.1 - 13.2) as compared to the standard protocol. A possible explanation for this 
difference could be that the slight increase in cardiac output was offset by the increased 
hemodynamics, thus decreasing hydrogen ion concentration in the active muscle groups, 
and reducing localized muscle fatigue. 
For possibly the first time, this study reviewed the effect that varying cadence had 
on the ability of submaximal tests to predict peak VO2 in moderately trained subjects 
with little cycling experience. A previous study (Swain and Wright, 1997) had compared 
the ability to predict VO2 in trained and untrained subjects when cadence was either 50-
rpm or 80-rpm. In this study however, the authors compared the 50-rpm peak test to the 
50-rpm submaximal test and the 80-rpm peak test to the 80-rpm submaximal test, but did 
not compare 50-rpm versus 80-rpm. Other previous studies (Marsh and Martin, 1997; 
Marsh et al, 2000) had focused on the freely chosen cadence under varying workloads 
and the respective changes in either cardiac output of oxygen uptake. 
Although the 70-rpm protocol did a marginally better job to predict VO2 in 
moderately trained subjects versus the standard protocol, a large underestimation was 
present. Another factor that could detract from the overall success of the study is that 
because this study used 70-rpm for the peak VO2 test, it is possible that the data was 
affected as the 70-rpm prediction was demonstrated to be statistically stronger. One 
recent study (Van Duser et. al., 2006) compared the ability of the standard 50-rpm cycle 
protocol to predict VO2 in comparison to a maximum treadmill test. The lack of a 
maximal VO2 result impairs this study; thus, perhaps the addition of treadmill maximal 
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VC>2 test in this study and subsequent comparison to predicted values could increase 
applicability and further elucidate the validity and reliability of the 70-rpm protocol. 
Additionally, the relatively small sample size decreases the statistical power of the study. 
The descriptive characteristics of the subjects may also impair applicability of the study, 
as all of the subjects were moderately trained young adults who were more likely to be 
accustomed to regular physical exertion. 
Future Research 
The results of this study show that the standard YMCA protocol may not be a 
valid tool to prescribe exercise especially for at-risk persons. Subsequent research should 
investigate changes to determine the possibility of a better, more accurate and valid 
protocol. Several possible avenues include: 
1. Increased sample size, 
2. Older sample population, 
3. Inclusion of treadmill VO2 max test, and 
4. Inclusion of 80-rpm protocol. 
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APPENDIX A 
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INFORMED CONSENT DOCUMENT 
Project Title: Effect of Varying Cadence on Submaximal Predictions of Peak Oxygen 
Uptake 
Investigator: Zachary Callahan, Physical Education, 270.781.4069 
You are being asked to participate in a project conducted through Western Kentucky 
University (and — if applicable -- any other cooperating institution). The University 
requires that you give your signed agreement to participate in this project. 
The investigator will explain to you in detail the purpose of the project, the procedures to 
be used, and the potential benefits and possible risks of participation. You may ask 
him/her any questions you have to help you understand the project. A basic explanation 
of the project is written below. Please read this explanation and discuss with the 
researcher any questions you may have. 
If you then decide to participate in the project, please sign on the last page of this form in 
the presence of the person who explained the project to you. You should be given a copy 
of this form to keep. 
1. Nature and Purpose of the Project: 
To investigate the effect that a change in cadence as measured by revolutions per minute 
will have on submaximal cycle tests. It is hypothesized that higher cadences will result in 
a more linear increase in heart rate for a given workload than a lower cadence. The 
greater the linearity of the increase in heart rate with an increase in workload, the greater 
the ability of the submaximal test to predict maximal oxygen uptake. The total time 
requirement for the study is approximately 3 hours. If you have any injury or condition 
that could prevent you from completing a maximal exercise test please do not participate 
in this study. 
2. Explanation of Procedures: 
This study will consist of 4 visits to the lab. The first visit will last approximately 45-60 
minutes while the remaining three visits will last 30-45 minutes. The first visit will take 
longer due to collection of descriptive data and completion of consent and other 
documentation. You will be required to report to each test following a minimum of a two-
hour fast. Most sessions will occur in the morning. All sessions will be separated by at 
least 48 hours and all sessions should be completed within 28 days of the first session. 
Session One 
Collection of descriptive data (height and weight) and completion of informed 
consent and physical activity readiness questionnaire. Completion of a maximal 
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cycle test on astationary cycle ergometer, metabolic data will be gathered for the 
entire test duration. 
Session Two 
Completion of a submaximal cycle test while maintaining a cadence of 50 
revolutions per minute (RPM). Heart rate and rating of perceived exertion (RPE) 
will be recorded every three minutes as the workload increases. Other metabolic 
data will not be recorded. 
Session Three 
Completion of a submaximal cycle test while maintaining a cadence of 70 
revolutions per minute (RPM). Heart rate and rating of perceived exertion (RPE) 
will be recorded every three minutes as the workload increases. Other metabolic 
data will not be recorded. 
Session Four 
Completion of a submaximal cycle test while maintaining a cadence of 90 
revolutions per minute (RPM). Heart rate and rating of perceived exertion (RPE) 
will be recorded every three minutes as the workload increases. Other metabolic 
data will not be recorded. 
YOU SHOULD NOT PARTICIPATE IF YOU: 
• Are trying to conceive children 
• Are taking drugs (prescription or any other) 
• Have a family history of heart, vascular, or kidney disease 
• Have any muscular or skeletal problems 
During the first session you will be required to wear a breathing mask, it will fit snugly 
over your mouth and nose but will permit you to breathe room air. 
During all sessions you will wear a heart rate monitor with a strap around your chest, it 
will fit snugly against your chest near the base of your sternum. During this session, you 
could expect severe fatigue especially near the completion of the test. An increase in 
heart rate and respiration as well as other symptoms associated with severe physical 
exertion should be expected. 
During sessions two, three and four you will wear a heart rate monitor with a strap 
around your chest, it will fit snugly against your chest near the base of your sternum. 
Additionally, you will be asked to give a numerical rating of your perceived level of 
exertion every three minutes. During these three sessions you could experience an 
increase in heart rate and respiration as well as other symptoms associated with moderate 
physical exertion. 
During the initial session descriptive data (age, height, and weight) will be taken. 
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Prior to participation, you must complete a questionnaire to assist in stratification of risk 
level as well as completion of the informed consent. These forms will assist in 
determining the safety of your participation as well as documenting your willingness to 
participate. Any questions you have concerning the forms or the study will be answered 
to your satisfaction. If these forms indicate that it is unsafe for you to participate, you 
will not be allowed to continue. All data will remain confidential. 
3. Discomfort and Risks: 
The initial session will be intense and severe discomfort typical of strenuous physical 
exercise should be expected. The other three sessions will be less intense and discomfort 
typical of moderate exercise should be expected. You will complete a Physical Activity 
Readiness Questionnaire and informed consent prior to inclusion in the study to assist in 
evaluating your safety. You will be monitored throughout all sessions for any signs of 
complication. 
Potential risks to your health due to participation could include but are not limited to: 
• Cardiovascular injury 
• Severe acute fatigue 
• Dizziness or nausea 
• Other possible effects of severe physical exercise 
Termination will occur if any adverse signs/symptoms appear or if you voluntarily 
choose at any time. 
Every precaution will be taken to ensure your safety. Full disclosure is required of you 
for your safety. Due to the severity of the sessions it is recommended that you refrain 
from consuming foods that could cause gastro-intestinal problems at least two hours 
before every session. Refrain from drinking alcohol or caffeine at least 24 hours before 
any session. Drink plenty of fluids (water or sports drink) prior to any session. Refrain 
from heavy exercise at least 24 hours before any session. Please do not take any 
medication within 24 hours of any session. 
Notify the investigator prior to, during, or after any session if you feel there is any reason 
you should not continue with the study. 
For your protection, investigators will be CPR certified and will be present with you in 
the lab for all sessions. 
4. Benefits: 
Participation in this study will provide participants with descriptive data as well as any 
other data collected during testing that you request. 
5. Confidentiality: 
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All data will be kept secure within the Department of Physical Education. The only 
person with access to your information will be the investigator. Your identity will be 
kept confidential at all times including any possible written report of this study. 
6. Refusal/Withdrawal: 
Refusal to participate in this study will have no effect on any future services you may be 
entitled to from the University. Anyone who agrees to participate in this study is free to 
withdraw from the study at any time with no penalty. 
You understand also that it is not possible to identify all potential risks in an 
experimental procedure, and you believe that reasonable safeguards have been taken to 
minimize both the known and potential but unknown risks. 
Signature of Participant Date 
Witness Date 
THE DATED APPROVAL ON THIS CONSENT FORM INDICATES THAT 
THIS PROJECT HAS BEEN REVIEWED AND APPROVED BY 
THE WESTERN KENTUCKY UNIVERSITY HUMAN SUBJECTS REVIEW BOARD 
Dr. Phillip E. Myers, Human Protections Administrator 
TELEPHONE: (270) 745-4652 
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TEST PROTOCOL 
Test 
o Record heart rate, RPE, and workload for each stage 
o Follow Workload Guides 
• A: women or lower fit men 
• B: men or very fit women 
o Tension may slip on a mechanically braked cycle and may require 
attention between workloads 
Post test 
o Cool down at work rate equivalent to first stage or lower 
• tester continues to monitor heart rate, blood pressure, signs, and 
symptoms 
o Graph heart rates and calculate predicted functional capacity 
• Stage A is second to last stage 
• Stage B is last stage completed 
• Both heart rate measurements must be between 110 bpm and 85% 
of the age predicted heart rate 
- 0:00 
o Begin test 
. 2:55 / 5:55 / 8:55 / 11:55 
O Take HR 
. 2:55/5:55 /8 :55 / 11:55 
O Take RPE 
. 3 :00 /6 :00 /9 :00 / 12:00 
o Change resistance 
• 85% Predicted Maximum Heart Rate 
o Stop test 
o Cool down 
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1 st work load ) 
2nd work load 
3rd work load 
4 th work load 
J 
) 
) 
Workload chart for females 
Workload chart for males 
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Table 1. Descriptive Statistics 
N=12 
Age (yrs) 20.75 ± 1.87 
Height (cm) 178.54 ±8.97 
Weight (kg) 77.31 ± 12.78 
% Body Fat 15.8 ±4.91 
32 
APPENDIX A 
33 
50 RPM BLAND-ALTMAN PLOT 
Figure 1. 
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70 RPM BLAND-ALTMAN PLOT 
Figure 2. 
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90 RPM BLAND-ALTMAN PLOT 
Figure 3. 
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RPE DATA 
Table 2 
End Trial RPE 
Descriptive Statistics_Overall 
Mean Std. Deviation N 
fifty 12.9167 2.64432 12 
seventy 12.5000 2.81231 12 
ninety 12.1667 1.74946 12 
Tests of Within-Subjects Contrasts 
Measure: MEASURE 1 
Source factorl 
Type III Sum 
of Squares df Mean Square F Sig. 
factorl Linear 3.375 1 3.375 1.193 .298 
Quadratic 
.014 1 .014 .005 .947 
Error(factor1) Linear 31.125 11 2.830 
Quadratic 32.819 11 2.984 
Descriptive Statistics_Legs 
Mean Std. Deviation N 
fifty 14.0833 3.14667 12 
seventy 13.1667 2.82307 12 
ninety 13.1667 1.69670 12 
Tests of Within-Subjects Contrasts 
Measure: MEASURE 1 
Source factorl 
Type III Sum 
of Squares df Mean Square F Sig. 
factorl Linear 5.042 1 5.042 1.8211 .204 
Quadratic 1.681 1 1.681 .725 .413 
Error(factorl) Linear 30.458 11 2.769 
Quadratic 25.486 11 2.317 
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HEART RATE DATA 
Table 3 
End trial heart rate 
Descriptive Statistics 
Mean Std. Deviation N 
fifty 154.9167 12.50061 12 
seventy 157.7500 10.04648 12 
ninety 161.9167 9.87613 12 
Tests of Within-Subjects Contrasts 
Measure: MEASURE 1 
Source factorl 
Type III Sum 
of Squares df Mean Square F Sig. 
factorl Linear 294.000 1 294.000 4.115 .067 
Quadratic 3.556 1 3.556 .038 .848 
Error(factorl) Linear 786.000 11 71.455 
Quadratic 1020.444 11 92.768 
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ID # 
Saddle Height_ 
DATA COLLECTION SHEET 
70 RPM Restin HR 
Max test 
HR V02 
1.2 KP 
1.8 KP 
2,4 KP 
2.9 KP 
3,4 KP 
3.9 KP 
Time HR 
RPE-
Legs 
RPE-
overall Workload 
0-4:00 
4:00-5:00 
5:00-6:00 
6:00-7:00 
7:00-8:00 
8:00-9:00 
9:00-10:00 
10:00-11:00 
11:00-12:00 
12:00-13:00 
13:00-14:00 
14:00-15:00 
Pred V02 
50 RPM Resting HR_ 90 RPM Resting HR_ 
RPE- RPE-
Time HR Legs overall Workload 
0-4:00 
4:00-5:00 
5:00-6:00 
6:00-7:00 
7:00-8:00 
8:00-9:00 
9:00-10:00 
10:00-11:00 
11:00-12:00 
12:00-13:00 
13:00-14:00 
14:00-15:00 
Pred V02 
RPE- RPE-
Time HR Legs overall Workload 
0-4:00 
4:00-5:00 
5:00-6:00 
6:00-7:00 
7:00-8:00 
8:00-9:00 
9:00-10:00 
10:00-11:00 
11:00-12:00 
12:00-13:00 
13:00-14:00 
14:00-15:00 
Pred V02 
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